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62 each has a diameter Dx and a vertical length that is
equal to or larger than a predetermined length. The
large-clearance portion 71 has a diameter Dy that is
smallerthan the Dx and a vertical length of 1 mmor larger.
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Description
Technical Field

[0001] The presentinvention relates a variable-capac-
ity compressor control valve for use in an automotive air
conditioner, for example.

Background Art

[0002] Usually, a control valve for a variable-capacity
compressor used for an automotive air conditioner, for
example, is adapted to receive a discharge pressure Pd
from a discharge chamber of the compressor and control
a pressure Pc in a crank chamber by controlling the dis-
charge pressure Pd in accordance with a suction pres-
sure Ps of the compressor. Typically, such a control valve
has, as seen in Patent Literature 1, 2 below, for example,
a valve body that includes a valve chamber with a valve
orifice, a Ps inlet/outlet port communicating with the suc-
tion chamber of the compressor, a Pd introduction port
arranged upstream of the valve orifice and communicat-
ing with the discharge chamber of the compressor, and
a Pc inlet/outlet port arranged downstream of the valve
orifice and communicating with the crank chamber of the
compressor; a valve element for opening or closing the
valve orifice; an electromagnetic actuator including a
plunger, the electromagnetic actuator being adapted to
move the valve element in the direction to open or close
the valve orifice; a pressure-sensitive chamber adapted
to receive the suction pressure Ps from the compressor
via the Ps inlet/outlet port; and a pressure-sensitive re-
action member, such as a bellows device, adapted to
urge the valve element in the direction to open or close
the valve orifice in accordance with the pressure in the
pressure-sensitive chamber.

[0003] Hereinafter, a conventional example of the con-
trol valve having the above configuration will be briefly
described with reference to Fig. 6 and Fig. 7 (see also
Patent Literature 1, 2 below).

[0004] Thecontrolvalve 1’ of the conventional example
illustrated in the drawings includes a valve body 20 with
a valve orifice 22, a valve element 10 including a main
valve element 15 for opening or closing the valve orifice
22 and a sub valve element 17, an electromagnetic ac-
tuator 30 for moving the valve element 10 in the direction
to open or close the valve orifice (i.e., in the vertical di-
rection), and a bellows device 40 as a pressure-sensitive
reaction member.

[0005] The electromagnetic actuator 30 includes a
bobbin 38, an energization coil 32 wound around the bob-
bin 38, a stator 33 and an attractor 34 arranged on the
inner periphery side of the coil 32, a guide pipe 35 with
its upper end joined by welding to the outer periphery of
the lower end (i.e., a step portion) of the stator 33 and
the attractor 34, a closed-bottomed cylindrical plunger
37 arranged such that it is vertically slidable on the inner
periphery side of the guide pipe 35 below the attractor
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34, a cylindrical housing 30c externally arranged around
the coil 32, a connector head 31 attached to the upper
side of the housing 30c with interposed therebetween an
attachment plate 39, and a holder 29 disposed between
the lower end of the housing 30c and the lower end of
the guide pipe 35 and adapted to fix them to the upper
portion of the valve body 20.

[0006] A pressure-sensitive chamber 45, which is
adapted to receive a suction pressure Ps in a compres-
sor, is formed between a stator 30d on the inner periphery
side of the upper portion of the stator 33 and the attractor
34. The pressure-sensitive chamber 45 has arranged
therein the bellows device 40 as the pressure-sensitive
reaction member that includes bellows 41, a downwardly
projecting upper stopper 42, a downwardly recessed low-
er stopper 43, and a compression coil spring 44. Further,
a stepped, bar-like pushrod 46, which is a thrust trans-
mitting member, is disposed along the axis O below the
bellows device 40. An upper small-diameter portion of
the pushrod 46 is fitted and inserted into a recess portion
of the lower stopper 43 and thus is supported therein. An
intermediate trunk portion of the pushrod 46 is slidaly
inserted into an insertion through-hole of the attractor 34.
A lower small-diameter portion of the pushrod 46 is in-
serted into a fit-insertion hole of the sub valve element
17 with a recessed cross-section described below.
[0007] The sub valve element 17 with the recessed
cross-section, which has the fit-insertion hole, is securely
inserted into the plunger 37 by press fitting, for example.
The sub valve element 17 is fitted into the plunger 37
such that the upper end of the sub valve element 17 is
aligned with the upper end of the plunger 37, while the
lower end of the sub valve element 17 is spaced apart
from the bottom of the plunger 37.

[0008] A plunger spring (i.e., a valve-opening spring)
47, which is a compression coil spring adapted to urge
the sub valve element 17 and the plunger 37 downward
(i.e., in the direction to open the valve), is provided in a
compressed state between the pushrod 46 and the sub
valve element 17. With the plunger spring 47, the sub
valve element 17 and the plunger 37 are adapted to ver-
tically move at the same time in a state where the sub
valve element 17 is urged downward. With the plunger
spring 47 (or the compression force thereof), the sub
valve element 17 is urged in the direction to close an in-
valve release passage 16 (described later) and the bel-
lows device 40 is held within the pressure-sensitive
chamber 45 via the pushrod 46.

[0009] Further, a D-cut surface is formed in a prede-
termined position on the outer periphery of the plunger
37, and a gap 36 is formed between the outer periphery
of the plunger 37 and the guide pipe 35.

[0010] The valve element 10 includes a stepped shaft-
shaped main valve element 15 and the aforementioned
sub valve element 17, which are disposed in alignment
in the vertical direction (along the axis O direction).
[0011] The main valve element 15 disposed in the low-
er side includes, from the bottom, a main valve element
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portion 15a, an intermediate small-diameter portion 15d,
a sliding portion 15e that is relatively long in the vertical
direction (the length in the direction of the axis O), an
upper small-diameter portion 15f, and a flanged latch por-
tion 15k. The sliding portion 15e is slidaly fitted and in-
serted into a guide hole 19 provided in the valve body
20. Further, a release through-hole 16A, which partially
forms the in-valve release passage 16, is provided in the
center of the inside of the main valve element 15 in a
manner penetrating therethrough in the vertical direction.
The upper end (i.e., an inverted truncated cone portion)
of the release through-hole 16A serves as a sub valve
seat portion 23 with/from which the lower end (or the sub
valve element portion) 17a of the sub valve element 17
is adapted to be moved into contact or away.

[0012] When the plunger 37 is moved upward, the
flanged latch portion 15k is latched to an inner flanged
latch portion 37k provided at the bottom of the plunger
37, and thus latching of the main valve element 15 is
achieved.

[0013] The lowerend (i.e., a flat face) of the sub valve
element 17 serves as a sub valve element portion 173,
which is adapted to be moved into contact with or away
from the sub valve seat portion 23 as the upper end edge
of the release through-hole 16A and to open or close the
in-valve release passage 16. The sub valve seat portion
23 and the sub valve element portion 17a form a sub
valve unit 12.

[0014] Meanwhile, the valve body 20 has a two-com-
ponent configuration including a body member 20A hav-
ing a fit recess hole 20C in the center of the upper portion
thereof and an internal-fitting member 20B that is secure-
ly inserted into the recess hole 20C by press fitting, for
example.

[0015] Theinternal-fitting member20B is provided with
a projecting stopper portion 24A for defining the lowest
position of the plunger 37, so as to protrude above a fit-
inserted portion 24 which is fitted and inserted into the
recess hole 20C. The fit-inserted portion 24 is formed
with steps and includes an upper large-diameter portion
24a and a lower small-diameter portion 24b, which is
vertically longer than the upper large-diameter portion
24a, below the upper large-diameter portion 24a. The
lower end of the lower small-diameter portion 24b in-
cludes a flanged abutting portion 24c which is caused to
abut a step portion (i.e., a terrace face) between the re-
cess hole 20C and a housing hole 18 of the body member
20A. The guide hole 19, through which the sliding portion
15e of the main valve element 15 is slidably fitted and
inserted, is formed in the center of the internal-fitting
member 20B in a manner penetrating therethrough in the
vertical direction. The lower end of the guide hole 19
serves as the valve orifice 22 (i.e., a valve seat portion)
that is opened or closed by the main valve element por-
tion 15a of the main valve element 15. The main valve
element portion 15a and the valve orifice 22 form a main
valve unit 11.

[0016] Ina state where the internal-fitting member 20B
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(or the fit-inserted portion 24 thereof) is inserted into the
recess hole 20C of the body member 20A, the Ps in-
let/outlet chamber 28 for the suction pressure Ps in the
compressor is formed on the outer periphery of the stop-
per portion 24A, and a plurality of Ps inlet/outlet ports 27
are formed on the outer periphery side of the Ps inlet/out-
let chamber 28. The suction pressure Ps introduced into
the Ps inlet/outlet chamber 28 through the Ps inlet/outlet
ports 27 is introduced into the pressure-sensitive cham-
ber 45 via the gap 36 formed between the outer periphery
of the plunger 37 and the guide pipe 35, and the like.
[0017] In addition, the housing hole 18 for housing the
main valve element portion 15A ofthe main valve element
15 is provided continuously with the stepped lower por-
tion of the recess hole 20C of the body member 20A, and
avalve-closing spring 50, which is a conical compression
coil spring, is provided in a compressed state between a
step portion provided on the inner periphery of the hous-
ing hole 18 and a step portion (i.e., a terrace face) pro-
vided on the outer periphery of the lower portion of the
main valve element 15. With the urging force of the valve-
closing spring 50, the main valve element 15 is urged
against the plunger 37 (or the bottom thereof).

[0018] In addition, the inside of the housing hole 18
(i.e., the portion below the valve orifice 22 of the internal-
fitting member 20B) is a valve chamber 21. A plurality of
Pd introduction ports 25 communicating with the dis-
charge chamber of the compressor are provided below
the recess hole 20C. A ring-like filter member 25A is dis-
posed around the outer periphery of the Pd introduction
ports 25, and a plurality of horizontal holes 25s commu-
nicating with the Pd introduction ports 25 are provided in
the lower small-diameter portion 24b of the fit-inserted
portion 24.

[0019] In addition, a lid-like member 48, which func-
tions as a filter, is securely attached to the lower end of
the body member 20A by engagement or press fitting,
for example. A Pc inlet/outlet chamber (i.e., inlet/outlet
port) 26 communicating with a crank chamber of the com-
pressor is located above the lid-like member 48 and be-
low the housing hole 18. The Pcinlet/outlet chamber (i.e.,
inlet/outlet port) 26 is adapted to communicate with the
Pd introduction ports 25 via the valve chamber 21 — the
gap between the valve orifice 22 and the main valve el-
ement portion 15a — the gap between the lower portion
of the guide hole 19 and the intermediate small-diameter
portion 15d, and the like.

[0020] In theillustrated example, the release through-
hole 16A formed in the main valve element 15, the inside
of the plunger 37, the Ps inlet/outlet chamber 28, and the
like form the in-valve release passage 16 for releasing
the pressure Pc in the crank chamber to the suction
chamber of the compressor via the Ps inlet/outlet ports
27. The in-valve release passage 16 is adapted to be
opened or closed as the sub valve element portion 17a
of the sub valve element 17 is moved into contact with
or away from the sub valve seat portion 23 that is the
upper end edge of the release through-hole 16A of the
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main valve element 15.

[0021] In the control valve 1’ with the above-described
configuration, when a solenoid portion 30A of the elec-
tromagnetic actuator 30 including the coil 32, the stator
33, the attractor 34, and the like becomes supplied with
current and energized, the plunger 37 is attracted by the
attractor 34, and along with the movement of the plunger
37, the valve element 10 (the main valve element 15 and
the sub valve element 17) is moved in the direction to
close the valve so as to follow the plunger 37 with the
urging force of the valve-closing spring 50. Meanwhile,
the suction pressure Ps introduced into the Ps inlet/outlet
ports 27 from the compressor is introduced into the pres-
sure-sensitive chamber 45 through the Ps inlet/outlet
chamber 28 via the gap 36 between the plunger 37 and
the guide pipe 35 disposed on the outer periphery of the
plunger 37 and the like. The bellows device 40 is expan-
sively or contractively displaced in accordance with the
pressure (i.e., suction pressure Ps) in the pressure-sen-
sitive chamber 45 (contracts if the suction pressure Ps
is high and expands if it is low), and the displacement
(i.e., urging force) is then transmitted to the valve element
10 (the main valve element 15 and the sub valve element
17) via the pushrod 46, whereby the valve element 10
(the main valve element 15 and the sub valve element
17) is moved upward or downward relative to the valve
orifice 22 so that the valve opening degree is regulated.
In other words, the valve opening degree is determined
based on the attraction force of the attractor 34 acting on
the plunger 37, the urging force by the expansive or con-
tractive displacement of the bellows device 40, and the
urging forces by the valve-opening spring (i.e., plunger
spring) 47 and the valve-closing spring 50, and according
to the valve opening degree, the pressure Pcin the crank
chamber is controlled.

[0022] Inaddition, when the plunger 37 is continuously
moved upward from the lowest position with the attraction
force of the electromagnetic actuator 30, the sub valve
element 17 moves upward together with the plunger 37
while closing the in-valve release passage 16, and the
main valve element 15 is also moved upward so as to
follow the sub valve element 17. Then, after the valve
orifice 22 is closed by the main valve element 15, if the
plunger 37 is further moved upward, the sub valve ele-
ment 17 opens the in-valve release passage 16.

Citation List
Patent Literature
[0023]

Patent Literature 1: JP 2018-3882 A
Patent Literature 2: JP 5553514 B
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Summary of Invention
Technical Problem

[0024] Inthe above-described control valve 17, as illus-
trated in the enlarged view of Fig. 7, the sliding portion
15e of the main valve element 15 is slidably fitted and
inserted into the guide hole 19 provided in the valve body
20 (or the internal-fitting member 20B thereof). The slid-
ing portion 15e has a columnar shape with a diameter
Dx that is slightly smaller than the hole diameter of the
guide hole 19, and has a length LO that extends from the
vicinity of the upper end of the guide hole 19 to the portion
near the Pd introduction ports 25. The lower portion of
the sliding portion 15e includes two annular grooves 51
for capturing foreign matter, which are conventionally
known.

[0025] Important factors in the control valve 1’ de-
scribed in the aforementioned Patent Literature 1, 2, for
example, are the length of the sliding portion 15e and the
size of a clearance (i.e., sliding-surface gap) formed be-
tween the sliding portion 15e (or the outer peripheral sur-
face thereof) and the guide hole 19 (or the inner periph-
eral surface thereof). It should be noted that the sliding
portion 15e of the conventional control valve 1’ illustrated
in Fig. 7 (i.e., the portion having the columnar shape with
the diameter Dx and the length LO) is entirely referred to
as a small-clearance portion 60 having a small clearance
(i.e., sliding-surface gap), when it is compared with the
embodiments of the present invention which will be de-
scribed later.

[0026] More specifically, in the conventional control
valve 1’, a pressure difference is generated between the
upper and lower sides of the guide hole 19 (i.e., the upper
side of the guide hole 19 is a low-pressure (Ps) side, the
lower side of the guide hole 19 is a high-pressure (Pd)
side), and thus the conventional control valve 1’ may have
aphenomenon in which a refrigerant leaks from the high-
pressure (Pd) side to the low-pressure (Ps) side through
the clearance (i.e., sliding-surface gap). Such leakage
(this may be called Pd-Ps leakage) may reduce the per-
formance, and thus there is a need for preventing such
a phenomenon as much as possible.

[0027] Therefore,froma perspective on preventing the
Pd-Psleakage, there is a need to minimize the clearance,
and further to increase the length of the sliding portion
15e.

[0028] In addition, even when the clearance is small,
if the sliding portion 15e has a small length, the main
valve element 15 may tend to be inclined, leading to un-
stable operation. Thus, the sliding portion 15e needs to
have a length equal to or larger than a predetermined
length.

[0029] However, the sliding resistance increases as
the clearance becomes smaller or as the sliding portion
15e becomes longer, leading to lower controllability and
lower operation stability. Furthermore, once foreign mat-
ter enters into the clearance (i.e., sliding-surface gap)
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portion, the foreign matter will hardly be released and the
clearance portion may be clogged with the foreign matter.
This may cause operation failures or troubles such that
the valve may become locked or the valve element may
become left.

[0030] The present invention has been made in view
oftheforegoing, anditis an object of the presentinvention
to provide a variable-capacity compressor control valve
that can effectively reduce the sliding resistance while
preventing the Pd-Ps leakage and the inclination of the
valve element, thus increasing controllability and opera-
tion stability, and can also avoid operation failures or trou-
bles caused by foreign matter.

Solution to Problem

[0031] To achieve the aforementioned objects, a var-
iable-capacity compressor control valve according to the
presentinvention basically includes: a valve body includ-
ing a valve chamber with a valve orifice, a Ps inlet/outlet
port communicating with a suction chamber of a com-
pressor, a Pd introduction port arranged upstream of the
valve orifice and communicating with a discharge cham-
ber of the compressor, and a Pcinlet/outlet port arranged
downstream of the valve orifice and communicating with
a crank chamber of the compressor; a valve element for
opening or closing the valve orifice; an electromagnetic
actuator adapted to move the valve elementin a direction
to open or close the valve orifice; a pressure-sensitive
chamber adapted to receive a suction pressure Ps from
the compressor via the Ps inlet/outlet port; and a pres-
sure-sensitive reaction member adapted to urge the
valve element in the direction to open or close the valve
orifice in accordance with a pressure in the pressure-
sensitive chamber, in which a sliding portion of the valve
element is slidaly fitted and inserted into a guide hole
provided in the valve body, the sliding portion including
small-clearance portions in opposite ends in an axial di-
rection thereof and one or more large-clearance portions
between the small-clearance portions in the opposite
ends, the small-clearance portions each having a diam-
eter Dx and an axial length that is equal to or larger than
a predetermined length, the one or more large-clearance
portions each having a diameter Dy that is smaller than
the Dx and an axial length of 1 mm or larger.

[0032] In a preferable aspect, when a plurality of the
large-clearance portions are separately provided be-
tween the small-clearance portions in the opposite ends,
an intermediate small-clearance portion is provided be-
tween the large-clearance portions, the intermediate
small-clearance portion having the diameter Dx and an
axial length thatis equal to or larger than a predetermined
length.

[0033] Inanother preferable aspect, of the small-clear-
ance portions in the opposite ends, the small-clearance
portion on a low-pressure side has an axial length that
is smaller than an axial length of the small-clearance por-
tion on a high-pressure side.
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[0034] In still another preferable aspect, a sum of axial
lengths of the one or more large-clearance portions is
equal to or larger than 1/3 of a total length of the sliding
portion.

[0035] In still another preferable aspect, of the small-
clearance portions in the opposite ends, the small-clear-
ance portion on a low-pressure side has a discharge
groove for discharging foreign matter accumulated in the
one or more large-clearance portions to a low-pressure
side.

[0036] In further preferable aspect, the discharge
groove includes one or more vertical grooves or helical
grooves.

[0037] Inanother preferable aspect, of the small-clear-
ance portions in the opposite ends, the small-clearance
portion on a high-pressure side has an annular groove
for capturing foreign matter, the annular groove having
a width of 0.5 mm or smaller.

Advantageous Effects of Invention

[0038] Inthe control valve according to the present in-
vention, the sliding portion includes, in its opposite (upper
and lower) ends in the axial direction, small-clearance
portions, which slide into contact with the inner peripheral
surface of the guide hole, and a large-clearance portion,
which does not slide into contact with the inner peripheral
surface of the guide hole, between the small-clearance
portions. Thus, the sliding area is smaller than that of the
conventional control valve, in which the sliding portion
does not include a large-clearance portion, and the con-
trol valve according to the present invention can reduce
the sliding resistance.

[0039] In addition, since the sliding portion has a total
length LO that is equal to that of the conventional control
valve and includes, in its opposite (upper and lower) ends
in the axial direction, the small-clearance portions, which
clearances at its opposite (upper and lower) ends in the
axial direction are equal to those of the conventional con-
trol valve, the control valve according to the present in-
vention can prevent the increase in the amount of Pd-Ps
leakage and prevent the inclination of the valve element
as in the conventional control valve.

[0040] In addition, since the clearance formed in the
large-clearance portion is set significantly larger than the
size of the foreign matter, even when the foreign matter
enters into the large-clearance portion through the small-
clearance portion, the clearance will not be clogged with
the foreign matter when accumulated.

[0041] Inview ofthe above, the control valve according
to the presentinvention can effectively reduce the sliding
resistance while preventing the Pd-Ps leakage and the
inclination of the valve element, thus increasing control-
lability and operation stability, and can also avoid oper-
ation failures or troubles caused by foreign matter.
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Brief Description of Drawings
[0042]

Fig. 1 is a general vertical cross-sectional view of a
first embodiment of the variable-capacity compres-
sor control valve according to the present invention.
Fig. 2 is an enlarged vertical cross-sectional view of
a main part of the first embodiment of the variable-
capacity compressor control valve according to the
present invention.

Fig. 3 is an enlarged vertical cross-sectional view of
a main part of a second embodiment of the variable-
capacity compressor control valve according to the
present invention.

Fig. 4 is an enlarged vertical cross-sectional view of
a main part of a third embodiment of the variable-
capacity compressor control valve according to the
present invention.

Fig. 5A is an enlarged side view showing an upper
portion of a main valve element, for explaining mod-
ifications of the embodiments of the variable-capac-
ity compressor control valve according to the present
invention.

Fig. 5B is an enlarged side view showing an upper
portion of a main valve element, for explaining mod-
ifications of the embodiments of the variable-capac-
ity compressor control valve according to the present
invention.

Fig. 6 is a general vertical cross-sectional view of an
example of a conventional variable-capacity com-
pressor control valve.

Fig. 7 is an enlarged vertical cross-sectional view of
a main part of the control valve illustrated in Fig. 6.

Description of Embodiments

[0043] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the drawings.
[0044] Fig. 1is a general vertical cross-sectional view
of afirstembodiment of the variable-capacity compressor
control valve according to the present invention. Fig. 2,
Fig. 3, and Fig. 4 are enlarged cross-sectional views of
main parts of the first, second, and third embodiments of
the variable-capacity compressor control valve accord-
ing to the present invention, respectively. The general
configuration of the first, second, and third embodiments
(i.e., the configuration of the valve body 20, the electro-
magnetic actuator 30, the bellows device 40, etc.) (see
Fig. 1) is basically the same as that of the conventional
control valve 1’, which has been described with reference
to Fig. 6 and Fig. 7. Therefore, the corresponding portions
are denoted by the same reference numerals, and the
repeated description will be omitted. The following dis-
cusses the differences from the conventional control
valve 1’ for each of the embodiments, that is, the char-
acteristic portions of the embodiments of the present in-
vention.
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[0045] Itshould be noted that the detailed general con-
figuration and the operations of each of the first, second,
and third embodiments are described in detail in the
aforementioned Patent Literature 1 (with a sub valve el-
ement) or Patent Literature 2 (without a sub valve ele-
ment). Thus, their descriptions are cited by reference and
will replace the disclosure in this specification.

[0046] It should be noted that in the present specifica-
tion, descriptions indicating the positions or directions,
such as upper, lower, top, bottom, left, right, front, and
rear, are used for the sake of convenience in accordance
with the drawings to avoid complexity in the description,
but such descriptions do not necessarily indicate the ac-
tual positions or directions when the control valve of the
present invention is incorporated into a compressor.
[0047] In addition, in each drawing, a gap formed be-
tween some members, a clearance between some mem-
bers, and the like may be depicted larger or smaller than
their actual dimensions to help understand the invention
and also for the sake of convenience to create the draw-

ing.
[First embodiment]

[0048] In a control valve 1 of the first embodiment il-
lustrated in Fig. 1 and Fig. 2, the sliding portion 15e of
the main valve element 15, which is slidably fitted and
inserted into the guide hole 19 provided in the valve body
20 (or the internal-fitting member 20B thereof), includes
an upper small-clearance portion 61 in its upper end and
a lower small-clearance portion 62 in its lower end, in
which the upper small-clearance portion 61 has a diam-
eter Dx and a vertical length L1, and the portion of the
lower small-clearance portion 62 except two annular
grooves 51 each having a width of 0.5 mm or smaller has
adiameter Dx and a vertical length L2. The sliding portion
15e of the main valve element 15 includes a large-clear-
ance portion 71 between the upper small-clearance por-
tion 61 and the lower small-clearance portion 62, in which
the large-clearance portion 71 has a diameter Dy that is
smaller than the Dx.

[0049] The diameter Dx of the upper small-clearance
portion 61 and the lower small-clearance portion 62 is
equal to the diameter of the sliding portion 15e of the
conventional control valve 1’, which has been described
with reference to Fig. 6 and Fig. 7. Only the upper small-
clearance portion 61 and the lower small-clearance por-
tion 62 slide into contact with the inner peripheral surface
of the guide hole 19, and the large-clearance portion 71
having a diameter Dy smaller than the Dx does not slide
into contact with the inner peripheral surface of the guide
hole 19.

[0050] Further,agapbetweenthe large-clearance por-
tion 71 (or the outer peripheral surface of the sliding por-
tion 15e in the large-clearance portion 71) and the inner
peripheral surface of the guide hole 19 has a size signif-
icantly larger than the size of foreign matter that passes
through a filter member 25A, for example (in other words,
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not smaller than the mesh size of the filter member 25A).
Thus, even when the foreign matter enters into the large-
clearance portion 71 through the lower small-clearance
portion 62, the gap will not be clogged with the foreign
matter when accumulated.

[0051] The vertical length U1 of the large-clearance
portion 71 is set to 1 mm or larger, and in this example,
about 2/3 of the total length LO of the sliding portion 15e.
[0052] Further, the upper side of the guide hole 19 is
alow-pressure side (adjacent to the Ps inlet/outlet cham-
ber 28, the Ps inlet/outlet ports 27, the plunger 37), and
the lower side of the guide hole 19 is a high-pressure
side (adjacent to the Pd introduction ports 25, the valve
orifice 22), and the vertical length L1 of the upper small-
clearance portion 61 on the low-pressure side is smaller
than the vertical length L2 of the lower small-clearance
portion 62 on the high-pressure side. The sum of the
vertical length L1 of the upper small-clearance portion
61 and the vertical length L2 of the lower small-clearance
portion 62 is 1/4 to 1/3 of the total length LO of the sliding
portion 15e in this example.

[0053] Inthe controlvalve 1 of the presentembodiment
with the above-described configuration, the sliding por-
tion 15e includes, in its upper and lower ends respective-
ly, the upper small-clearance portion 61 and the lower
small-clearance portion 62, which slide into contact with
the inner peripheral surface of the guide hole 19, and the
large-clearance portion 71, which does not slide into con-
tact with the inner peripheral surface of the guide hole
19, between the upper small-clearance portion 61 and
the lower small-clearance portion 62. Thus, the sliding
area is smaller than that of the conventional control valve
1’, in which the sliding portion 15e does not include a
large-clearance portion, and the control valve 1 of the
present embodiment can reduce the sliding resistance.
[0054] Inaddition, since the sliding portion 15e has the
total length LO that is equal to that of the conventional
control valve and includes, in its upper and lower ends,
the small-clearance portions (i.e., the upper small-clear-
ance portion 61, the lower small-clearance portion 62),
which clearances at its upper and lower ends are equal
to those of the conventional control valve, the control
valve 1 of the present embodiment can prevent the in-
crease in the amount of Pd-Ps leakage and prevent the
inclination of the main valve element 15 as in the con-
ventional control valve.

[0055] In addition, since the clearance formed in the
large-clearance portion 71 is set significantly larger than
the size of the foreign matter, even when the foreign mat-
ter enters into the large-clearance portion 71 through the
lower small-clearance portion 62, the clearance will not
be clogged with the foreign matter when accumulated.
[0056] In view of the above, the control valve 1 of the
present embodiment can effectively reduce the sliding
resistance while preventing the Pd-Ps leakage and the
inclination of the valve element, thus increasing control-
lability and operation stability, and can also avoid oper-
ation failures or troubles caused by foreign matter.
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[0057] It should be noted that the following counter-
measures may be taken in order to further avoid opera-
tion failures or troubles caused by foreign matter. Spe-
cifically, as illustrated in Fig. 5A, the upper small-clear-
ance portion 61 may include one or more vertical grooves
53 each having a width of 0.5 mm or smaller as a dis-
charge groove for discharging foreign matter accumulat-
ed in the large-clearance portion 71 to the low-pressure
side (adjacent to the Ps inlet/outlet chamber 28, the Ps
inlet/outlet ports 27, the plunger 37). Furthermore, as il-
lustrated in Fig. 5B, the upper small-clearance portion 61
may include one or more helical grooves 54 each having
a width of 0.5 mm or smaller as a discharge groove for
discharging foreign matter accumulated in the large-
clearance portion 71 to the low-pressure side (adjacent
to the Ps inlet/outlet chamber 28, the Ps inlet/outlet ports
27, the plunger 37).

[Second embodiment]

[0058] As in the first embodiment, in a control valve 2
of the second embodimentillustrated in Fig. 3, the sliding
portion 15e of the main valve element 15 includes an
upper small-clearance portion 61 in its upper end and a
lower small-clearance portion 62 inits lower end, in which
the upper small-clearance portion 61 has a diameter Dx
and averticallength L1, and the portion of the lower small-
clearance portion 62 excepttwo annular grooves 51 each
having a width of 0.5 mm or smaller has a diameter Dx
and a vertical length L2. Further, the sliding portion 15e
of the main valve element 15 includes a large-clearance
portion 72, an intermediate small-clearance portion 63,
and a large-clearance portion 73 between the upper
small-clearance portion 61 and the lower small-clear-
ance portion 62, in which the large-clearance portion 72
has a diameter Dy that is smaller than the Dx, the inter-
mediate small-clearance portion 63 has the diameter Dx
thatis equal to those of the upper small-clearance portion
61 and the lower small-clearance portion 62 and a vertical
length L3, and the large-clearance portion 73 has the
diameter Dy that is equal to that of the large-clearance
portion 72.

[0059] In other words, in the present embodiment, the
two separate large-clearance portions 72, 73 each hav-
ing a diameter Dy that is smaller than the Dx and a vertical
length U2 (1 mm or larger) are provided between the
upper small-clearance portion 61 and the lower small-
clearance portion 62, and the intermediate small-clear-
ance portion 63 having the diameter Dx and a vertical
length L3 is provided between the two large-clearance
portions 72, 73.

[0060] In this example, the sum of the vertical lengths
(U2x2) of the two large-clearance portions 72, 73 is 1/2
to 3/5 of the total length LO of the sliding portion 15e, and
in this example, the sum of the vertical length L1 of the
upper small-clearance portion 61, the vertical length L2
of the lower small-clearance portion 62, and the vertical
length L3 of the intermediate small-clearance portion 63
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is 2/5t0 1/2 of the total length L0 of the sliding portion 15e.
[0061] It should be noted that the diameter of the in-
termediate small-clearance portion 63 may not be equal
to the diameter of the upper small-clearance portion 61
and the lower small-clearance portion 62. Further, the
two large-clearance portions 72, 73 may not have the
same diameter. Further, it is needless to mention that
the vertical length L1 of the upper small-clearance portion
61, the vertical length L2 of the lower small-clearance
portion 62, the vertical length L3 of the intermediate
small-clearance portion 63, and the vertical length U2 of
the large-clearance portions 72, 73 may not be limited to
the illustrated examples. It is also needless to mention
thatthe two large-clearance portions 72, 73 may nothave
the same vertical length.

[0062] Also in the control valve 2 of the present em-
bodiment with the above-described configuration, an op-
erational advantage that is substantially equal to that in
the first embodiment may be produced. Also in the sec-
ond embodiment, the sum of the vertical lengths (U2x2)
of the two large-clearance portions 72, 73 is equal to or
larger than 1/3 of the total length LO of the sliding portion
15e, butis smaller than the vertical length U1 of the large-
clearance portion 71 of the first embodiment. The sum
of the vertical lengths of the small-clearance portions is
setlarger due to the intermediate small-clearance portion
63. Therefore, the sliding resistance is slightly higher than
that of the first embodiment, but the amount of Pd-Ps
leakage can be slightly reduced in the control valve 2 of
the present embodiment.

[Third embodiment]

[0063] As in the first and second embodiments, in a
control valve 3 of the third embodiment illustrated in Fig.
4, the sliding portion 15e of the main valve element 15
includes an upper small-clearance portion 61 in its upper
end and a lower small-clearance portion 62 in its lower
end, in which the upper small-clearance portion 61 has
a diameter Dx and a vertical length L1, and the portion
of the lower small-clearance portion 62 except two an-
nular grooves 51 each having a width of 0.5 mmor smaller
has a diameter Dx and a vertical length L2. Further, the
sliding portion 15e of the main valve element 15 includes
three separate large-clearance portions 74, 75, 76, each
having a diameter Dy that is smaller than the Dx and a
vertical length U3 (1 mm or larger), between the upper
small-clearance portion 61 and the lower small-clear-
ance portion 62. Also, the sliding portion 15e of the main
valve element 15 includes intermediate small-clearance
portions 64, 65 between the large-clearance portions 74
to 75 and the large-clearance portions 75 to 76, respec-
tively, the intermediate small-clearance portions 64, 65
each having the diameter Dx that is equal to those of the
upper small-clearance portion 61, the lower small-clear-
ance portion 62, and the intermediate small-clearance
portion 63 and having vertical lengths L4, L5, respective-

ly.

10

15

20

25

30

35

40

45

50

55

[0064] In this example, the sum of the vertical lengths
(U3x3) of the three large-clearance portions 74, 75, 76
is about 1/2 of the total length LO of the sliding portion
15e, and in this example, the sum of the vertical length
L1 of the upper small-clearance portion 61, the vertical
length L2 of the lower small-clearance portion 62, and
the vertical lengths L4, L5 of the intermediate small-clear-
ance portions 64, 65 is 1/3 to 1/2 of the total length LO of
the sliding portion 15e.

[0065] It should be noted that it is needless to mention
thatthe diameter of the intermediate small-clearance por-
tions 64, 65, the diameter of the three large-clearance
portions 74, 75, 76, the vertical length L1 of the upper
small-clearance portion 61, the vertical length L2 of the
lower small-clearance portion 62, the vertical lengths L4,
L5 of the intermediate small-clearance portions 64, 65,
and the vertical length U3 of the large-clearance portions
74,75, 76 are not limited to the illustrated examples.
[0066] Also in the control valve 3 of the present em-
bodiment with the above-described configuration, an op-
erational advantage that is substantially equal to those
in the first and second embodiments may be produced.
Also in the third embodiment, the sum of the vertical
lengths (U3 3) of the three large-clearance portions 74,
75, 76 is equal to or larger than 1/3 of the total length of
the sliding portion 15e, but is smaller than the vertical
length of the large-clearance portion of the first and sec-
ond embodiments. Further, the sum of the vertical
lengths of the small-clearance portions is set larger due
to the intermediate small-clearance portions 64, 65.
Therefore, the sliding resistance is slightly higher than
that of the first and second embodiments, but the amount
of Pd-Ps leakage can be slightly reduced in the control
valve 3 of the present embodiment.

Reference Signs List

[0067]

1 Variable-capacity compressor control valve
(first embodiment)

2 Variable-capacity compressor control valve
(second embodiment)

3 Variable-capacity compressor control valve
(third embodiment)

10 Valve body

11 Main valve unit

12 Sub valve unit

15 Main valve element

15e Sliding portion

16 In-valve release passage

16A Release through-hole

17 Sub valve element

19 Guide hole

20 Valve body

20A Body member

20B Internal-fitting member

22 Valve orifice
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25 Pd introduction port

26 Pc inlet/outlet chamber (inlet/outlet port)

27 Ps inlet/outlet port

28 Ps inlet/outlet chamber

30 Electromagnetic actuator

32 Coil

37 Plunger

40 Bellows device (pressure-sensitive reaction
member)

45 Pressure-sensitive chamber

46 Pushrod

47 Plunger spring (valve-opening spring)

50 Valve-closing spring

51 Annular groove for capturing foreign matter

53 Vertical groove (discharge groove) for dis-
charging foreign matter

54 Helical groove (discharge groove) for dis-
charging foreign matter

61 Upper small-clearance portion

62 Lower small-clearance portion

63to 65 Intermediate small-clearance portion

71to 76  Large-clearance portion

Claims

1. A variable-capacity compressor control valve, com-

prising:

a valve body including a valve chamber with a
valve orifice, a Ps inlet/outlet port communicat-
ing with a suction chamber of a compressor, a
Pd introduction port arranged upstream of the
valve orifice and communicating with a dis-
charge chamber of the compressor, and a Pc
inlet/outlet port arranged downstream of the
valve orifice and communicating with a crank
chamber of the compressor;

a valve element for opening or closing the valve
orifice;

an electromagnetic actuator adapted to move
the valve elementin a direction to open or close
the valve orifice;

a pressure-sensitive chamber adapted to re-
ceive a suction pressure Ps from the compres-
sor via the Ps inlet/outlet port; and

a pressure-sensitive reaction member adapted
to urge the valve elementin the direction to open
or close the valve orifice in accordance with a
pressure in the pressure-sensitive chamber,
wherein a sliding portion of the valve element is
slidaly fitted and inserted into a guide hole pro-
vided in the valve body, the sliding portion in-
cluding small-clearance portions in opposite
ends in an axial direction thereof and one or
more large-clearance portions between the
small-clearance portions in the opposite ends,
the small-clearance portions each having a di-
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ameter Dx and an axial length that is equal to or
larger than a predetermined length, the one or
more large-clearance portions each having a di-
ameter Dy that is smaller than the Dx and an
axial length of 1 mm or larger.

The variable-capacity compressor control valve ac-
cording to claim 1, wherein when a plurality of the
large-clearance portions are separately provided be-
tween the small-clearance portions in the opposite
ends, anintermediate small-clearance portionis pro-
vided between the large-clearance portions, the in-
termediate small-clearance portion having the diam-
eter Dx and an axial length that is equal to or larger
than a predetermined length.

The variable-capacity compressor control valve ac-
cording to claim 1 or 2, wherein of the small-clear-
ance portions in the opposite ends, the small-clear-
ance portion on a low-pressure side has an axial
length that is smaller than an axial length of the small-
clearance portion on a high-pressure side.

The variable-capacity compressor control valve ac-
cording to any one of claims 1 to 3, wherein a sum
of axial lengths of the one or more large-clearance
portions is equal to or larger than 1/3 of a total length
of the sliding portion.

The variable-capacity compressor control valve ac-
cording to any one of claims 1 to 4, wherein of the
small-clearance portions in the opposite ends, the
small-clearance portion on a low-pressure side has
a discharge groove for discharging foreign matter
accumulated in the one or more large-clearance por-
tions to a low-pressure side.

The variable-capacity compressor control valve ac-
cording to claim 5, wherein the discharge groove in-
cludes one or more vertical grooves or helical
grooves.

The variable-capacity compressor control valve ac-
cording to any one of claims 1 to 6, wherein of the
small-clearance portions in the opposite ends, the
small-clearance portion on a high-pressure side has
an annular groove for capturing foreign matter, the
annular groove having a width of 0.5 mm or smaller.
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